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K 8843 

CCWXL'tiViay HEAMfcJG A 0UI?EERBAN2ftH OIL SHALS 1 'JO 
CHEATS PEJWEABILm AND SS&GSCVWOiY PKOTCB OIL 

IKis invention rolatea to reDOTRn'og oil. fitxn & subterranean 
oil shalts by rawiw of a ooixSoctivu heat drive pmnsww, More 
particularly, tha invention relates to treating a relatively chide, 
and substantially carplatMly SrpaxTOable subterranean oil Bhale by 
nfians of a. conductive beating pro:sa» which both creates a 
perrotoable zanm witbin a Delected portion of the ni I shale and 
subsequently produ&ua shale oil Itycfcrocarbonfi. 

A perrflBability-aidad type of conductive heat driva for 
producing oil from a subterranean oil shale ^a» invented in Sweden 
by F.L)ungfitroGm. That process, vhich woa invented about 40 years 
ago, was comiorcially uc»i on a small scale its the l$Ml&. It ia 
described in Swedish stents No** 121,7371 123*136; 123,137; 
123,138; 125,712 and 126,674, in United States Patent No. 
2,732,195, ana in journal articles such &ei ''Qndergxoond Shale Oil 
Pyrolysis According to the Ljungstrcxm Method" f IVA \felane 2d 
(1953} No, 3, pagas HQ to 123, and "Net ftasrgy Recoveries For The 
in Situ rsielectrlc Uratlng of Oil Shale" , Oil Shale Synposiua 
Proceedings 11, pa^a 311 to 330 (1978), In tba a»adiab procaea, 
Ivaat flection wdls and fluid producing wells were occopleted 
within a permeable neer-wrfaco oil aha Is formation so that tltero 
was lass than a threa-cnetre separation betuean tha bnreholea. The 
Jisat injection wells were equipped with electartcal or other heating 
olcnonts which Mere arrznunded by a roass of ratter ial, ai=h as sand 
or cement, arranged to transndt heat into the oil shale Mhile 
preventing any inflowing or outflowing of fluid. In tha oil ehale 
fox which tlie Swedish prooaas wu designed «ex3 tested, tha 
perraeabiJ-ity was such that, due to a nrrrtinuTua inflating of ground 
water, a continuous parping-oat of water was naaded to avoid 
wafting energy by evaporating that water. 

Hith raapacb tn auc*rtaritially completely isportnaahle, 
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relatively daap and relatively thicX oil Ghale deposits, such as 
thoa« Vn die Piceanoa IiaMn in the united statoe, the poflso'Mlity 
u£- utilizing a ccaduutiva heating preoa»* tor produeinq oil was 
previously ocrtaidered to be — according to prior tcviebintju and 
beliefs — erxwonacally unfeasible. For exanplj), in the 
ahewe-iefcntified Oil Sbftlo SyitpoByura, the LjurojBtroein process is 
characterized cm a proaes* whkfc '\«*iajecesslully reaovwnsd shale 
oil by «ifi»dding titular electrical heating elcnants within 
higl^rade shale deposits. This method relied on ordimiy tJiairal 
diffusion for shade bating , which, of course, require* lai'tju 
t£srperauirQ gradients . t Chua r hrating was very oun-unifocnoj man the 
wore required to fully retort- snail room-size blocks of shale. 
Also, /nueh beat energy was wasted in raidfcrhiinting tlie xeginn» 
bnyood tho periphery of tta mt a it jpg zone and ^^hea^ing the 
Khale closest to t>i» heat soorcse. Tha latter problaa 1h especially 
ii[cx>rtant iu the ea&e of t*«tern shales, since therml «narqy i.ex 
cwerhuartoad zones, cannot be fully recovered by dz f±u-ri.an duo to 
cndotharrnlc reactions which take place above about $00 °C\ I * (pa?e 
313) . 

In substantially interne able types of relatively thick 
aubtarxanean oil shale formations/ tbo creating and naintoiniog of 
a pcjciTCiabljH tone i:hn:ough which the pyrolysis producta can be flowed 
liaa been found to be a severe problem. In us Patent Nb* 3,465,376, 
it is stated (in cols. 1 and 2) that "there are two jflochanisjna 
involved in the transport of heat througJi the oil ahale. Heat is 
transfer-rod through the an lid roacs of oil shale by conduction* 01*5 
hoat ifl also transferred by convection t)\rough the aolid Trass of 
oil shale. Itj© transfer of heat by conduction is a relatively alow 
process*. She average thermal oondnrtivity and average* thermal 
diffosivity of oil shale are aJxat those of a firebrick The matrix 
of eoljd oil shale haa an «xtreaely low pexraability ranch lite 
utvAitwad porcelain. As & result, the coavcctivti transfer of hoat ic 
limitsd to heating by fluid flosce obtained In open channels which 
traverse tha oil shale, 'fbeaa flow channels nay be natural and 
artificially induced fractures. ... On heating, a layer of 
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pyrulyzpd oil shale but Ida adj&ceut the channel. T)da layer i.a on 
iixangonic wineral mirtrix which oanticLnAi varying degrees of cwrton. 
itie layer is an evcr-expandir^ harrier to beat flew from the 
heating fluid in the channel." *fte patent is directed to a prooeaa 
for circulating heated oil fcholjB-pyrolyzing fluid through a flow 
channel while adding abrasive jtfirticl** to tfx circulating fluid to 
erode tha layer of pyn>iy*ed oil shale being formed adjacent to tlto 
channel. 

Although tha theiinal conductivity and thomil diffiisivlty of 
many subterranean oil shales are, in fact, relatively airon.lax to 
those of unglaxed corcsiain and firohricfc, US Patent No 3,237,689 
postulates tha* "a rapid advance of a itnat front" (Col. 3, line 7) 
can bn obtained by exchanging hast b fttwec n the all shale and. a 
nuclear reactor cooling fluid and describes systems for u*ing such 
reactor* either located on the earth's surface or In the oil abalH 
deposit. 

IIS Patuat No, 3,2M,2ttL tatye (at Col. 1 P lines 3-21), "The 
production of oil from oil shale, by haating tha ahal* by various 
msans such as ... an electrical resistance heater . . . has been 
attempted with little ooccmx*. , «, . fracturing of the sbalo oil 
prior to the application of hoot thereto by in situ aartouetian ox 
other means has been practised with little success because tha 
afoala nwaUs upon heating with consequent partial or oceplete 
closure of the fracture*. The patent describes a pence** of 
aHqiientially heating (and thus swelling) the oil shale, then 
injecting fluid to hydratulicmlly fracture the emollAn shale, then 
repeating those stepe until a heat-stable fracture has bean 
propagated into a prediction well, 

US Patient Ho* 3,455,383 dASorrhttS the aocxEnnlation of 
partially depleted oil shale fxagnents within a flow channel such 
as a harixdntal fracturo bain? held open by tba ^eaeujie of the 
fluid within the charaacl. ine patent discloses that if the channel 
roof is llftnri to maintain a flow path above such a layer of 
depleted shale, the overlying fomtrrt-inne most be bent and, without 
precautions, will bond to an extent causing fractures to extend up 
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to tha surface of tha aarth, Tttc patent io directed to a process of 
InttixndtteniJy roclucinq the pressure an the fluid within sucb an 
fracture to allow ths weight of ttte overtoarden to crush and compact 
the layer of depleted shale. 
5 rn a Significant portion of substantial J y linpaxssable aiv3 

r&latively thic* oil efaala- deposits, buch aa those in tha Picaance 
aasln, a valuable rescuroo at alrxninuBa is present In the form of 
da&csanitfi. In OS Patent 2to. J r 355, 975, directed to recovering 
aJjJsniniuia value* from retorted oil shale* which ha&a baan rained cut 

IQ from euch deposits, it ie pointed out that, in a substantial 

atoonea of water, at t anyta i atu res of about UOC °P the daubonite is 
oonvortad to crystalline sodiinn alurcinato. Such a water- rrae 
retorting can dau.rnpua a dolcuite in the shale, to produce carbon 
dioxide > calcite, and nxignssiun) oxide so that nagncsiuao oxide 

]S conbinea with part of the ailiodn dioxide in tba shale, io a flmraer 
prvTnl tting a higher rocovery ot the aluminium valuan by a loaching 
proceae. US Ptttent Mo. 3,502,372, directed to utilizing eolation 
ndzuog to recover daweocute, indioatea that where tha jjyrolynis is 
srfiected by an aqueous flnid, soch aa ateani or the products of 

20 under<|rouai ccatwetlon, it wast be conducted at a low teaper&tura 
and thus relatively elowly, to avoid converting tlie dawsonita and 
othar soluble aluminium <AA i yuun ft* to Ada irmoluble matcad/il such aa 
analcite. In US Patent Sj. 3 r 572,833, a similar relatively low 
temperature pyrolyiri b Is altomaxxd vrith infections of an aqueous 

25 alkaline fluid ccntaiitirtg an acid>lafls1iih1a chelating agent to aid 
lit leeching daareonite without fonndng 3\jch inaolublA materials* 

■Oha present invention relates bo a ftEu-waa for condueti*ely 
heating a fc±rtHxrsnean oil anal* fiontmtion in a manner arranged Cox 
p roduc i n g oil from a subterranean oil shale fuuua tioD v&ich ia, 

yo initially, srjjfrstantlM ly inoennBable. in acm t i lanu a with this 
irwantion, the poztion of oil shale deposit to be treated ie 
selectud, on tha basis of the variations with daptb in the* 
canpoeitioft an properties of its ocnzponente» to have propartiea 
capable of interacting in a manner which enhance* the uniformity of 

35 the heat front* to an extent linxitiog tha tine and energy 
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<*xpeaditure& producing tha oil to values equivalent to leas than 

the value of tha oU whicti la produced. The selection of the 

treatment interval i» based on the grade and thickness of the 

portion of oil shale deposit to be treated and the enhancement it 

provides amounts to reducing the aftount of heat energy loet due to 

exothertttic side reaction* and increasing the amount of oil 

recovered fron a givan grade of oil shale. 

In accordance with this invention at Least two vails ace 

completed Into a subterranean oil abale treatment interval which 

la substantially iraparmeable, contains substantially no wobile 

water, is at least about 30 m thick, la capable of confining fluid 

at process ?reaaore, at least substantially within the traataant 

interval, and contain* a grade aod thickness of oil shale such 

that the average grade la gallons of oil plus gas equivalent par 

ton by Fiaoner A**aay ia at least about 10 and tha product of tha 

grade time* the thickness in a* tree* of tha oil shale ia at least 

about SCO. 

Thus, the present invention provides in a process in 
vhlch oil is produced froa a subterranean oil shale deposit by 
extending at least on* each of heat-injecting and fluid-producing 
*eUs into tha deposit, establishing a heat-conductive fluid* 
impermeable barrier between, the interior of each beat- in j acting 
*ell and the adjacent deposit, and then heating tha interior of 
each heat- injecting well at a t a operator* sufficient to 
conductive ly beat oil shale karogen and cause pyro lysis products 
to for*) fractures within the oil shale deposit through vhlch tha 
pyrolyais prodacts are displaoed Into at least one production 
vail, an loprovsmant for en banc log tha uniformity of tha beat 
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fronts moving through the oil sbal* deposit, which coapriaesr 

determining variations with depth in the coaposition and 

properties of the oil shale deposit; 

completing aald heat-in Jeotiag and f luid-pxoduciog keiia 
selectively into a treataent interval of oil shale in which 
the oil shale deposit (a) is »t least about 30 m thick, (b) 
la substantially iioperoeable and free of mobile water, 
(fl) has a coaposition and thickness such that the product of 
the avexage fischer Assay grade tioee the thickness of the 
treatment interval is at least about 900, and (d) thereby 
contains components capable of interacting in a manner 
enhancing the uniformity of a front of conductively 
transmitted beat, with said wells being arranged so that, 
at least substantially throughout said treatment interval, 
the veil boreholes are substantially parallel and are 
separated by substantially equal distances of at least 
about 6 n/ and 

within the interior of each heat-injecting veil maintaining 
an average temperature which, selectively along said 
treatment interval, is at least about 60o°C, but ia not 
high enough to thermally damage equipment within the well, 
while heat ia being transmitted, away fron the vail at a 
rate not significantly faster than that permitted by the 
thermal conductivities of the earth formations adjacent to 
the he * tad interval within the well. 

In a location in which a subterranean oil shale may 
contain portions vtaicb axe generally suitable for use as a 
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treatment interval (as described above) but are ape to be 
permeated by substantially disconnected natural fractures ancivor 
Planes of veafcness as veil as being located near boundaries of the 
oil recovery pattern and/or near a potentially active aquifer, the 
operation of the present process can advantageously be combined 
with a use of "guard wells" located near the periphery of the oil 
recovery pattern and/oi betveen a production well and an aquifer* 
Such guard wells are extended at least substantially throughout 
the vertical extent of the treatment intervals and the adjacent 
formation* are initially heated by therual conduction in a manner 
similar to that employed in the heat-injecting vails, except that 
the guard wells are heate* at temperatures which are too low to 
gasify significant proportion of the oil shale organic components 
but are high enough to cause a significant theroal expansion of 
the rocfe matrix of the oil shale deposit. 

in some instances, it nay be desirable to ma iota in aqch 

a 
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relatively la* tenperarnre guard well imating throughout at least d 
substantial portico of tha shale oil r*KWery process. In other 
■instances, aftor an initial relatively low tea$ernture heating of 
tha guard Mells* it may ba advantageous to guard wells at 
5 about tha temperature ocloctcd Jaor the heat-injecting walls, in 

orcter to expand the pattern of *alla from which o.U is displaced by 
thermal oorriuuticn. 

as used bcrcio regarding the grade of the portion of oil ehale 
to be treated, the "average grade in gallons per tee by Fischer 

10 Assay" nafera to the following! Tits da term nation is or ia 

equivalent to a dstanirinaUon conducted substantially a* described 
in the AStti Standard Test Msthod li 3904-60. crushed row Bbala is 
aamplad by riffle-splitting. Thm determination of tbo amount of oil 
plus gas equivalent available* ■ from oil shale is made by heating tha 

15 raw shale from ambient temperature to 5 (JO *C in cast aiumuiini^ 

alloy retorts. The vapours distilled from tho sonpl* ara cooled and 
tha ennrtensed fraction is collected. The oil and vatex fractions 
are separated, the water voluztu (converted to weight equivalent) is 
nraasurad and Hnhrrarf-girf froo tbo oil plus wtatsr weight, I'he weight. 

20 of unco n do ns abl s gases evolved Igasrplus-loss) is then calculated 
by difference, Use grads, as used in the "grade times thickness in 
metres of oil shale" product/ is the gallons of oil plus 
Iiydrocarbon gas equivalent corresponding to the total weight a£ nil 
plus hydrocarbon gas evolved by the heattag* 

?5 T"ha walla are completed Into the treatment interval and are 

arranged to provide at least one each of heat-injecting and fluid- 
producing walla having boreholes which, aohatantially throughout 
the treatment interval, are substantially parallel and aro 
separated by substantially equal distance* of at least about 6 m, 

30 Io eouh ]aeat**irrjectin9 veil, substantially throughout the treatment 
interval, tho weJLl-amxnundlng face of the oil shale fbuu i t ion is 
sealed with a solid SBterlal and/or asraent which is relatively beat 
oandnotive and sifcstaatiftlly fluid iapen^ale* In each fluid- 
pmrii wring wU r scbstanCially throughout tho treatment interval, 

M> fluid oanaanication Is Asbablished botwoon the well borehole aid 
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tim oil ehaie fainatloo and the well is arzangcd for pauducing 
fluid iron tha oil shalo forrnatixm^ "Phe interior of each, 
heat-injecting m*J1 is boated, at least snbetantially thrcugbcut 
die treatment interval, at a rate or rates? copnble of (a) 
increasing tha tEnpRrwture within the borehole interior to at least 
about 600 Q C and (b) maintaining a borehole interior i«iparature of 
at least about 600 °C without causing it to be coca high enrugb tn 
thcrjtbliy dsssgs aquipeneut within tfn* borehole while the rate ct 
<rf\ich boat i& generated in the borehole ia «2bBtacti>a3Jy equal to 
that perndtced by the beat coivhjctivity of the oil thai* rorration. 

In a preferred cntoditoent of the present process, the nxvberiol 
for scaling rim face of the oil shalu ten m t. i n n along the borehole 
of at. least on* beat-injecting well ia a closed tarttnn casing 
granted by oaaant arranged to f i JJL substantially all taf the spaci* 
between each outermost xwtallic eleneot present within tho interior 
of ths borehole and toe adjacent face of tha oil shale fortmtion, 
with said carat having a thernal connectivity at leant 
substantially as high a* that of tire oil shale formation. 

E^tecnzLnetians are mads of variations with depth in tha 
caipositico and propartiaa of the oil shale deposit and, lis a 
particularly preferred procedure, based on the variation with depth 
In the heat- conductivity of the oil shale deposit, the heat- 
injecting vje.Ue are heetad so that relatively higher Ceapcraturofi 
are applied at depths adjacent to portion* of the oil shale deposit 
in which the haot conductivity is relatively low. In addition, or 
alternatively, in various aituaticoa, tha effective radius of at 
least one heart-injecting well ie increased by creating an expanded 
portion of the veil boxoJiole and ■xtanding heat-coodacting metal 
elements from within the heated well interior to near the tall of 
tha expanded portion of tha borehole* 

the praaeot process is valuable for use trilhio a treatment 
interval of oil shale which contains other valuable Bdnarala such as 
dawsonice aod/or nahoolite> Tn such a situation the present process 
creates a perjaeafela voce which ie selectively located, within tte 
treatment interval and substantially vithin ths bcradaries of tho 
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wen paLtom ximd tor the oil proOucticcu Tha resultant pcnoaoabla 
7jrs\9i y$. a zoom fxora which snch other minerals can ba ariLntian— 
rained. 

In general, the present invention is applicable to 
5 substantial ly any subtcrranaon nil Ahal* deposit ocatainir^ .m 
interval of substantially inqpermaabie oil shaJ« which is 
substantially frco of mobile Kacer, ia oure than abnut 30 in tfiicX, 
and has an adequate avttra<yn grade In gallons per tun (Pinter 
Assay) to give a grado-thickness product of about 900 or greater* 
10 Ths Average grade of the heated Interval should be graatex than 

about 10 gallon* per ton (Fischer Assay) . Within than limitations, 
a hicjhar grade** thickness product i.e increasingly desirable if other 
conditions such as rtspth remain tha sane. 

ths invention trill new be explained in greater dirt-ail with. 
(5 reference to the ace u t ydji ying drawings, in vd\ichi 

Figma i shows a plot of relative rate of return (BR) for 1982 
US dollar* invested in installing and operating tte process of tha 
present invention, an a fraction of oil shale grade-thickness 
(GtfTH) product, to prodnce shale oil at its 1982 valoa, 
Z0 Figure 2 illustratae a plot of thermal profiles at an 

observation well regarding texgeraturea measured at different 
depths (D) end time* within that veil. 

Figure 3 is a plot of the radial thermal profiles et the 
middle of a heated rone alter different time* of heating. 
23 Figure 4 ia a plot of thenml conduct! vi tie* preirtlal and 

perpendicular to the bedding pieces of an oil shale as a function 
of tenperature. 

Figure 5 is a graph of Fischer Assay yield wit*) <fepth (D) in 
and abcro a heated portion of subterranean oil shale. 
30 F igures e end 7 are plots of horizontal and vertical 

tnnfsacature profiles within a heated portion of a&bsrxaraan oil 
shale formation. 

Figure 8 ia a echeetttic illustration of a portion of a *«sJt 
cceplotion arrangeeerit suitable for practising tha tamaa i t 
35 invention* 
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v « n pactom used .for the oil praiucticru The resultant ycrucahla 
zone j.-i a loooi? fxcra which aoch other minerals can ba arOntiorv- 
nined* 

In g-oeral, the present invention is applicable to 
substantially any aibteranaan ail *hal* deposit containing an 
interval of BtibetanHally inpftrn»abla oU aha] a which is 
sutffltam..tally frco of rofaile Kaeer. is ffure than about 30 tu tnicfc, 
acid has an adequate oversea grade in gallons per tun (Piacher 
Assay) to give a grado-thicknew product of about 900 or greater. 
Ths average grade of the heated interval ahoulri be greater than 
about 10 gallons par ton (Fischer Assay). Within these liraifiaUcmc, 
a hfcshsr grade- thickness product U increasingly desirable if other 
conditions eurtti as depth remain ths sana. 

Ths invention will new be explained in greater detail with 
reference to die a m nydii yinq drawings * in *diichi 

Figure 1 shows a plot of relative rate of return 030 for 1982 
US dollar* invested in installing and operating the prooo&s of tbs 
present invention, a? a function of oil shale grade-thic&ccas 
(GfclHl product, tn prodoce shale oil at its L982 valne. 

Figure 2 illustrate a plot of thsnnal profiles at an 
observation wll regarding tejtperaturea measured at different 
depths to) and tinm within that wall. 

Figure 3 is a plot of the radial thsnnal profiles at the 
middle of a heated cone after dif fiarent tinea of heating. 

Figure 4 is a plot of thermal oonauctivitia* r™^ 11 " 1 and 
pc^rpendxcular to the bedding planes of an oU shale as a function 
of tcopcraturs. 

Figure 5 is a graph of Fischer Assay yield with dspta (D) in 
end above a hearted portion of suboarrsnean oil shale. 

F igures 6 and 7 are plots of horissontal and vortical 
tanparature profiles within a heated portion of subfaerranaan ^ i 
shale fbraaticn. 

Figure 8 is a echeoatio illustration u£ a portion of a *«Jl 
occpletion arrangement suitable for practising tha present 
invent icaru 
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tar aanri, Ljimgstrosa teaclws chat tha in situ hearing Mid 
pyrolyzing should ho dona in a portico of tto in^urr^ablQ foxxnaticci 
which is vertically nontiguoua to □ well-intuccunMcfcioq fracture 
or a layer which Hob different geological character and ia 
5 penneabLe to flow of the fluid produtrtH of the heating ur 
pyrolyjii*. 

Contrary' to the laplicatiana of such prior tnachin^s axrt 
beliefs, applicants diacovurad that tha presently described 
conductive haating process is ©cataoiaally feasible for u£» in a 

10 substantially lirpecoteable subterranean oil aha 3 a. This is not 

obvious, particularly in view of tfie fact that tha pressjanL process 
uses a xnuch larger well Slicing than that used in tha Swedish 
process and tha preomit process is coodnctad by heating tha 
injection veils to tenferattrres of at least about 600 *C (altfaaogh 

15 600 *c bos been said to by conducive to an ftconaoacaily untenable, 
heat-wast log, end^thezmic reaction j see the Oil Sbal» Syrcposixm 
Proceedings mentioned above) . 

By means of laboratory and field teat avasurenenta and 
mathematical models of tha present prcoaca r applicants have fonnd 

20 that whan tha wells aro g pftoaH , completed, and oparatad as 
presently described, the only region in which beat energy ia 
utilized in an endotfcradc reaction to leas than about 

of tha art* to ha heated, and tha energy lost in that £asfaioi is 
inaignif ioaitt- ica nts bavo aaasurad tha rate at which 

25 substantially iirpannaabla oil shale focoationa arm baa ted by 

conductivity, and have dataradxed tha amount of boat required for 
pyxolyvlng karogan and thermally pnassuriziog tha pyrolysia 
products to pressures oapabia of fracturing a relatively oil 
shale farnatlca and tfcaraaally displacing pyrolyvis prodoc t a through 

30 tha ao-«r*ated placability, 

Iba data obtained by such tteatarenenta in the field and in tha 
laboratory hav* bm employed in calculations of power roqulro- 
manta, eco nnnrfrm , tin to start pro&ctlcti, project duratica, 
accent of prolJCtiaa, «ta», in sathanttcal sinulatianft that 

15 ooExalxte with the fiold and laboratory data and irdirwfa the 
cna&iitadaa of such factora in respect to a full soala pmcHss. 
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Th^fxi calculations indicate t±at thR presently cfefinerl process i* 
tha only shale oil. production j«xc»» of which cqvlicantn arc cwore 
which is capable of ccaranirally obtaining oil Cms a Lelativcly 
lew grade oil Hhale formation, soch as one in **hica the Fischer 
Assay ia only 15 gallon* or less par ton. Ihie capability can 
increase tha petroleum reserves of a Bigru Qonnt proportion of the 
oil slMdc land* by a lautnr of six. In addition, with respect to 
processes for uwterqxouiid mining and modified in fcitn retnrting ol 
oil ahaJe, tha present process Bi^ifionntly ijv^eaecs tha amount 
of available resourcee by eliminating the naad for st^jxxct pillars 
and iutarburdsn between nrining zotrma and by providing a means fur 
treating substantially all of a very thick interval of oil shale. 

The present process can advantagocualy ba applied to an oil 
abate forrnatian in Which there is significant cmceTftration o£ a 
minaral such «zs aascooniba or oaboolite. In such a Tarnation the 
prcottjw providey a peamcabla zona from *fcich such a mineral can be 
recovered, in addition f the pnaesul process is particularly 
advantogacoa An converting daweonite to wator-solosble ootnpouiida of 
aluminium (pixbably rho-aiuainaj which have teen {both chemically 
and physically) made available for solution-adning to produce the 
nli a m initin — an esnnttaJl matarial which is in short supply vitlrin 
the United States. In contrast to many previously proponed 
processes, th-s process of the present invention requires sub- 
stantia Uy no <*rbax, involves mtnin^al lard disruption, and can ba 
conducted with miniral atsospheric pollution. 

Figure 1 shrais the relative race of return for 1982 US dollars 
invested in installing and operating tha present process in field 
applications that have boon matfesntically nodeUed from data 
obtains** by field and laboratory asaasumwsts. 
WttFLE 1 

A KOiAsr of injection and production wells is drilled into an 
oil shale fooution 4B n in thickness with 120 n of overburtten- The 
avcxog*. oil grade of the Interval is 20 gallons per ton as deter- 
mined by 7i schcr Assay* 

Tta veil pattern in a seven-spot with each heat injector ab 
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the canter of a regular haxagan surrounding a central proAJcajrcf 
wall. The spacing is 22*5 & between producers and 5n}ectora. 
pattern repasts with producers sharing the iojectnrs in each 
direction and continues to form & tield-vdda pattern capable of 
5 proAicing a larga quantity of oil. The injector- tu^ju u du cnr ratio 
aftxoactes 2 to lib a large fieJd. Tn tftanpln. 1 the total oil 
proiacticsn La 23 r 000 barrels par day throughout: tbo lifu ut tlau 
project. 

Tfce injection wells electrical haatera ora tsvnsnted into 
JO formation and mnra-tari to a power source on tbo surface. r £ha 
production vails are clipped, with standard oil field puorpa fox 
lifting thu produced oil to the laa-face* Vna electrical injection 
rat© is 3.23 x 10 flTO/Wll per day. The terttjerstnre of tft? 
injector* oftaina 730 *C *rte prodaction veils reach a tersanal 
is temperature of 300 *c after 33-34 years of operatiCD. Production 
over this. pprioJ averages 5-6 barrels/day par wall, with the 
average nuffber of active prefacing wells bfclog fras about 4O00 to 
5000. Eloat consurtption is 1.1 x 10 & DJU/barrel of lixjuid oil 

20 Gaworoo products collected from the production uslls ray be 

urad for nn-eite generation of cloctricity or other purpoaaa* lha 
oil-phaso potrolcnrt «hich i* no bnoduued is superior to con- 
ventionally retorted shale oil. Tr* relative rata of xeturn which 
can bo B*r»-*-flrt from tba *fcanr>le i situation Is illustxatad by tba 

?5 "DC 1" fiimiHcn designation on Pignre I. 
EXAMPLE 2 

A sariee of injection and production wells are drilled into an 
oil shale formation 225 m in thicknaaa with 300 n of overfcurden* 
Tha average grade of tba oil shale interval is 26 gallons per tea 

:vd an cietemiuxed by Fischer assay. 

ThR well pattern is tlie sans seven-spot described in Hxanpla 1 
except the spaciog is 13.5 m between loalla irwffflid of 22.5 m. Total 
production is. 25,000 borrels/day txoaqhout th« lifie of the project* 
The injector to proAacer ratio still approaches 2 to 1 • In the 

33 veils, the heaters and production ec^ilraant are similar to those 
described in J£tacpl* 1. 
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r A« eAcctXi&ul injection cabs is 10. S3 x 10 6 SOT/wall par day. 
TVtci irrjecti/xi well tcnpttr-atuiBs r«**i 750 f C and tbe pxtauuntir*> 
wells reach a final tcopcrature of :UH> *>c afUr a production life 
of 9-10 yoctrtt. Production ovwr this porirxi averages 42 
barrel ei/<Vty per wull, with the average mwbt>r of active prrjrtnrfng 
walls being about 600. Th#» heat censuaption i* rs, 6 v 1Q 5 imVoarrel 
of licaxid oil prodbocdL 

As in fixanple X, cf&seous products can faa used for ocwiitv 
power qciiorat ion or other purposes and tha liquid product waJJ )>c 
liiqhar in quality than conventionally retorted shale oil* The 
relotivw rat* of return which can be expected is illustrated by the 
U E5C. 2» situation designation an Figure 1. 

table 1 lifita oijntoinations of oil, shale gradan, trdcfcnessas 
and grade^thicknecs products -which are generally suitable fox u*w 
in the present; process. Ttm relative positions of such gradb 
thiefcruaas &jrodunte with respect to the relative rate* of I inanciAl 
return are illustrated by the designations "Praforrttd Range" (F.f^J 
and "Especially fxefarrad Ranga* fB.P.G.) on Figure 2. 

rams l 

Ciratte (gallons/ too) Thijcjcne3fl (aft grade x Thickness 
30 30 900 
20 45 900 
10 90 900 

More desirable grade thickness exatplea axe shown as follraa: 

Grade fgailcpe/tnn) HlucXnosa (m) Qradb x Ihieteneja 
30 ISO 4500 
?-5 60 1500 
20 100 6000 
15 «XI 9000 
2D 225 2250 

In ^raral, tha hLgher the grade thickness product tha more 
dtwirublfl. Tha practical application is United only by the ability 
to hattt the deeirad interval. 
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Meld 1>5l Measurement* 

Teste ware oanductad in an caocropping or hj\ oil shale 
format! oa which is typical of wjfefitanCiaLly ijapuxBeahla artf 
relatively thick oil. shalu dapo*ita< Thirteen borobolea were 
drilled to depths between 6 and 12 m and arranged to provide 9 
pattern of beat-iniectinn, observation and fluid-production 'AteH», 
with the boreholes being spaced About O.G a apart in ordesr to 
provida a relatively rapid aajuisrition of data. Beat wa* injected 
at a rate of about 1000 watts par netxe for five day*. After the 
heat-injection wall temperature bod reached 450 *C, a tesqpfcrufcure. 
faJ.l-orT test waft run for one day. 

Fixture 2 shows the vertical thenal profilo* in an reservation 
well, as a function of tiino, Ota data wa* fitted to a nathsaaticaV 
solution deficrihijig the tanparatm* distribution around a 
finite-length liny mnrng inside' a madiuaa of thaxnal conductivity 
(parallel to beddioy) 3.25 nr»l/cflMec-*C and thaxnal oaradactivifcy 
(parpendbsilar) 3.25 noal/a*-«ie-*C* <Tfce specific lieat capacity 
utilized ii\ the ral eolations was computed f ran ths thenaal 
conductivity/ thermal difffcoivity, and average bulk density of 
cores recovered dttrln? drilling' of the wells. The theraopbyeical 
propartiea fat: ttoe the oil thala in Which tba teats ware conducted 
are sunnericed in Table 2. 



Figure 3 aha** radial profiles confuted Cor the middle of the 
heated 20m ficar various baating tioe* (t) . At the end of a 
Oe^peraturo billtHy beet of 140.5 hours, the average fence tiao 
tflcpereturo UU w wtfii the beater and observation toll waa 120 °C, 



TftBLS 2 



L'rntial Kesorwir TmyvatTire 

Dulk Density 1 
Thermal Biffueivityi 
Specific [Trftt capacity: 



9.8 -C 

20 gallon/tee 

2. 2D 931/an 3 

6.6 x 10" 3 cm 2 /aec 

0.224 cal/go °C 
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Pigure 4 shews a canparisQn of Inhoratory vaiuas ztvS field 
data tudlxtbj* to Utb thanral ©aiductivifcy parallel tn ard 
porpiandicular to the b-sdding planes of the oil shnlc! formation, as 
a function of taiqperature. Tha laboratory conductivity uoasurtaiifinta 
5 were node on adjacent snnplea of cores frao the cfe*e*vatian well, 
lining f^croe cozes, cut parallel to and how cut perpendicular to tto 
bedding plane*. A ra trogen-^atnofiphece *a* used to elisdnate 
oxidation reaction* Thii sanples were constrained In ton vortical 
direction but war* free to expand radially. After the samples were 

10 heated to &C0 *C, the radial expansion averaged \.45%. As shown In 
the figures, the laboratory values are in excellent agreexoent with 
tho values anr ry r itft d from the field data. Tha tuvt* iodicata that 
the tbenoftl ooridoctivity is low in the direction perpendicular to 
the bedding plane, because karoosn layer* ham a lower ccndcctivity 

I.S than the ctolcndte matrix. At temperatures below 100 °C, the tharwal 
conductivity in essentially isotropic, as observed in tbo fic?ld 
tests. But, that oonAictivity 1 »u«*>s increasingly anisotropic, a* 
the Imogen is removed (at tsnpersturss between 300 and 400 *0 and 
gas begins to occupy the spaoae rartwoan the layere. Above 700 *C, 

20 both the parallel and perpendicular conductivity <farranee sharply 
due to the dacanpoeitirm of the colomte and evolution of 00^. 

When a Gajbtcrranctfua. oil shale Dalmatian is hearted tte oil 
aha in expands as the tccqperatuxe Increase*. When the oil ahale 
t&ftauratuni reaches a fcerogen pyrolyzicg tenporatur* {far snaoplo* 

25 fran about 275~325 *C) additional expansion farces are generated. 
The keroaen is converted to fluids- capable of occupying a larger 
voluno than the korogan, and such fluid* becone increasingly 
pcreesuxized When the teeperature la incrcfasod. Aa uorc fluid in 
fornad and sec* fluid is baa ted, hyftraiili rally iixlncad fractures 

jo form within tbo oil ahala fionwtion. 

Fractures which are uydraulioally induced within subterranean 
aaitb fornaticna forai aLcog planes perpercUaalar to the least of 
the three principal cnacceftaive jUeaaea (l.e», one vertical and 
two mutually pgrpenrtimlar horizontal uuyi e ea ive stresses) *hich 

M CJtist t/itfain any aubterranean earth zozsortica. Hoxever, wbsre the 
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hydraulic fracture* tend to he vertical, hoarirontal fractures can 
be forwKl by ln>fiL;ting heated Ouido so that the *ella of the 
vertical fractorco am heated untiJ they swell shut, dm, by 
Increasing the fluid injectico pr«»airB to greater than cMjrbuxdwi 
pressuro, a horixontal fra c tur e can be feared, Such processes Tor 
thermally i n d uc ing the fbrrotion of horizontal fractures by 
injecting externally tooted and pcrescuri2<id fluids are inscribed in 
patent* such as tte abcwe-B*ntiOTad US Patent Ito, 3,284,781;. U3 
Patent Nb. 1,455,391 by CP. Hatthaws, P* Vanreora and C.W. Vblek, 
find 118 Patent Nb« 3,613,785 by P.J. Cloeaann. 

Applicants have no* diamoveradl that when sxfortvmtinl ly 
irrpBrnaaWp si*>e£rrancan oil e&oIm having the pr&eantly spa=i£iad 
combination of grade and thickness wece ctmiintiyely heated a» 
presently specified., 9 rcrei of panrashility was geveicped between 
wellfl within the oil xhulM, Although the prcaaent invention is not 
premised on any particular nnchaniai, in the course of such a 
trcataeat the heated oil shale behaved aa thoogb it was subjected 
to the abova-dascxitaed type of proo&se for thaxvaUy inducing the 
formatioQ of knrimrfrnL fractures. Seen a behaviour was not 
predictable* ainco tba present process is oporatad without any 
iajectiiw of any fluid. It appears that when the ui e seul process ia 
cporated within an ispaxrarable oil finals, tba in site gasaratirn 
and dn.q>laceracnt of haatad and highly pressurizod fluids occurs at 
the times and to the extents needed to successively extend and 
horizontally fracture through sxxooasiva portions of the oil shale, 
when ttoga portiona beocn aondoctively heated. The 20ns faming 
ht2ated appears to undergo a relatively unifcna, horizontal, radial 
expansion through tho oil shale, at the rate set by the thennal 
conductivity of tha oil shale, m each aucraaadva location in which 
a Xerogen pyroly2ing te^qpararturs is reached/ fluids appear to be 
formed, heated and pressurized so that sobstantiall? any vertical 
fractures which ore fanwd within the haatad zona are subsoquantly 
cocjv m'Ui d to barirontal fractures. 

Applicant*' testa indicated that substantially all of the 
fluid pyrolyela product? of the oil shale bended to remain in ox 
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near the locations in which they vere forrrai until they were 
displaced, liuuujh substantially horizontal fractures, into veils 
adjoining the haat-inj acting well*. In mention, the fracture- 
irsducing pressure of fluids in the liorisfictrtal fractures appears to 
5 Itavu been j:edaced as those flails cxpandad ana v?ere coolaS as ttey 
moved away from tha hot twit portiona of the heated 2ore. 

^trcs, the exunt process seen to ir&xx th& roving of a aane 
of kerc^mrpyrolyslog temperatures through tha oil shalfc 
imcadiictely behind a zarm of Jxcallzed fracturing in which the 

10 fracture are, or soon bras*, horizontal fractures, U» taatiiig 
ana fracturing rones sees to undergo 4 substantially anifbaa, 
hoxieontal, radial expansion through tha oil shale, until tha rone 
of fracturiog reacftss a location (sash as tha borehole of a 
production wall) frc© vi\ich ths oil shale t^raiyaia products aro 

15 withdrawn 

In addition, nppli ra nts lave di&covered that, at least wham 
the overburden pressure ia anally tha 20n» of pe ratability that i* 
croated betaaeii adjacent walla retains a significantly hi#i <iagrea 
of pcnteability after the floatation* have cooled, Biua it appears 

20 that, <99od if tha overterdan precsoxe ia high* an appli ration of 
tha present process ia capable of forming a well-intenxnn&cting 
zone in which tha petsneability reraina hiab ox can ba readily 
restored by an injection of fluid after aooe or all of tha heat has 
dissipated, tod/ the dogree and location of that permeability can 

25 be controlled hi' controlling tha rata of removing fluid from the 
producing walla. 

The data obtained by measuracercts iu field testa of the type 
described above vera induaive oft the thexxnal conductivity of tba 
oil shale farxeticn* the amount of oil recoverable by Fiacher 

30 aiuOyrslfi at variooa depths wltUn haatad intexvala of tha oil shale 
before and aftor hauling, the meafluraoeot of the anooct of 
pyrolyaU products recovered, and the like. While no ocnramicatioo 
oxlatad b e t we en heat injectors and prcdocers at teat 9tart*-up, 
ittjecticna at the end of the test aeacostratfid that parjmfcle 

35 chamois had fbmed, Bvi results of standard engineer in? 
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calculations were ii^lksitivw of the applicability of a c o ncept of 
the typa <^9crUx-d abev* to the results obtained by the tests, 

Pigons 5 is a graph of Fiach«r A«^y yields, £rom the tarqnt 
zone in the field t*« ( ac a function of dftpth o. Tbe heated 
3 interval o* tanked from 4,2 to 6 Una snlid curve shews the yields 
hwflore the heating tiw&wint and the. dashed curve showi the yieldo 
airter retorting was eenpiated, Vto?. yiolOs bafore and aftjar were 
o*wantialiy the ?acoa outside tita heated interval. H» tteasuronents 
were made- oa aares frcm the centre of the pattern before* heating 
1U and on cqtgs about 1A csn away after boating. The variations which 
are apparent in thosa yields are vithin the noraool limits of 
accuracy for tba nevi miring of such values* 

Wiuhin the heated interval tbo Fischer Assay yieM drops fro® 
an average of 20 gallceWtnn- before the tmst to less than 2 
is gallona/ton a f tsar heating. H» retorting efficiency within the 
process eons «xui thus better than JHJ1 of Fischer Assay. 

The pattarn and extent of tfco recovery onnfinnw the fact that 
little oil was lost over tba produclitg liorizon through vertical 
fractures. In addition, tba uniformity in rotarting efficiency 
20 through the heated zone, Indicates that thenoal fronts wore 
appraxiim±Giy uniforjo over sost of tha heated interval. 

The uniformity u£ tba thermal fronts is even mora apparent in 
Figures 6 and 7. They ahow horizontal and vertical to^eraturc 
profiles calculated fear a *et of vertical beaters in a fi ve spot 
square pattern, 3fan set used in tihe calculations included four heat 
injector* and one contra prodooar (not show, but castor ed between 
the bretDx* istiaxi on the figures) . Each heater was aasused to be 
24 m long and heated ab the rate of B14 W/nu 

•itie profiles la figure 6 (graphs of tenporatura variations 
30 with di stanc es frcw the h eaters ) ware m Inflated along a horizontal 
Hu^uoet Ijl^ vhich extends trough the odd-paints of haaters at 
nppcelce cornara of the square* Figure 7 is a i^v graph of 
profiles along a vertical segnent 1^1^ on the axis of eytnraatry of 
the pattern. 

33 Such calculation* indicate that by the time retorting 
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teo*»ratunafl °C) arc reached at tha centre of the ixrttern, 

note than 87t of ixn wJuw has boon ounvartud while only about 14* 
of the canvorted vohxu was heated to more than 325 *a Fvrthenrore, 
the calculations indicate thnt if tbe power is hutw? off or 
S reduaneS be«or<9 the contra reacosa a targwt terpcratiue auch as 

325 *C f the 3 eveUirtg off of the thamel fronts will still bait the 
centre o£ the pattern to retorting taapartttnr&j atv3 will also 
rectos the temperature ri*a at the boaters. Vain moda nf operation 
can ensure that less then lot of tha heated volus© Is booted to 
10 more than 325 »C, and thus cad increase the thernal efficiency of 
tte process. 

In view of thd above taut moults and the oolraiiafciona hawed 
on those results, it appears that, contra to the parlor teaching* 
and beiiafa, the initial inytfnrmhility of an oil shale deposit can 

15 bo utilised aa an advantage* The initial ii n.n i i n n hil itr oanfir&& 
the fluids and fracture* vitrdr the well pattern, since no 
pawreaoUity exists until the son* between the heat-Injecting and 
fluid"-paaaducin9 Leslie becaoe permsatsd by a pattern of heat- induced 
horizontal taurtwe*, 

20 In tho pLewait process, the rate at t&Lch heat is transmitted 

into the oil shale deposit is otrcogly affected by tho tewporarture 
gradient between a heat-injecting wall and tha surroanding earth 
tonmhioa. In a preferred preoeefctxa, tha daijaiani natJone of 
variations f?lth dupth in tha cc ac oai tian and properties of the oil 

2$ shale deposit include a dotorjaination of the pattern of heat 

conductivity with depth within the earth faraationa adjacent to the 
heat-inj acting well. Based on such te faa m inatiooa the tec^eraturcs 
to which at least one beat-injecting veil is heated axe arranged to 
ba relatively high at the depths at which the heat corrfactivlcies 

3D of tha adjacent earth foxoations arc relatively low* Thim tends to 
cause the rate at which heat ie transmitted thr o utf fa tha earth 
fiornatioiui to be substantially aniforji along the axis of tha 
haat-in>ecting veil. IQStA prcoadnrea an he utilized in order to 
provide higher tewperntares in portion* of heat injecting wells 

J3 adjacent to earth fornitione of relatively low haat conductivity. 
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For example, in veils which are be lag heated by electrical 
resistances, additional resistant eletwnta can be positioned at 
the location at «bich extra heating is required, preferably with 
precautions being taken to avoid the creation of ° run-away hot- 
spots" due to increasing teaperature further increasing the 
resistance and thus further increasing the heating, for example » 
as described in the commonly assigned; Canadian patent application 
Serial No. 495,854 lii»d November 21 f 1985 r by P. VanHeurs end 

10 C,F. Van Rginond. In veils being heated by combustion, wore, or 
larger, or more heavily fired, burner elements can be paeitioned 
in such location!. 

Suitable determinations of compositions and properties 
of the minerals and/ or oreanic components of an oil shale deposit 
and the variations with depth in such properties can be made by 
means of known well logging, reservoir sanpling, and the like 
analytical procedures* The determinations can utilize previously 
measured geophysical or geochemical data or laboratory or core 
analyses, etc, for example, tho variations with depth in the heat 

?Q conductivity of the adjacent formations can be deternined by 

calculations based on the kinds and amounts of materials present, 
and; or by thermal conductivity losing measurements, etc. Ufl 

9 

Patent Bo, 3,&C7 r 227 dascrlbaa a logging tool containing a 
constant output heat source and three temperature sensors for 
obtaining a log of relative thermal conductivity elth depth* US 
Patent Ho. 3/692,128 describes logging cased or open boreholes for 
teaperatura, specific beat and the real conductivity, employing a 
constant output heat source and three temperature sensors. U3 




-20a- 63293-2743 
Fetent HO. 3,884,969 describes a logger tot making station 
measurements of thermal conductivity by beating a formation Cor a 
tin* them measuring the rate at which the temperature decays back 
to the ambient temperature. U6 Patent Ho. 3,3dl,is7 describes 
logging thermal conductivity of a cased veil by measuring the 
temperature of the casing vail before and after passing a heated 
probe along the vail. 

As indicated above, even with respect to a five-spot 
pattern in which a single fluid- producing veil Is surrounded by 
four beat~injecting veils, substantially all of tbe intervening 
oil 
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shale can h2 both retorted <wd nudw psnmable. However, the present 
invention is preferably employed ii\ a iiuri«« ot ctxttignms saven- 
or ttu.rteca>-spot patterns — in either ol which pattarna 
(particularly in the tturteen-qjot pattern) the retort ii>g rata la 
5 fii rjn i f ira nrtly inaneasad by having each f JjJid-pioriucing well 
surrounded by six or twelve tart- injecting veils. 

The veils used in the present process can be «»pl«tatf by 
substantially Any mattand for $ri } 3 ing a borecole into and/or 
opening a pm-tneiatincj borehole into fXuiQ acravnication with the 

10 subterranean oil shala lonoatian to be uutd as an oil shalii 

treatnent interval. In addition to having the spnoifiod ahsmnan of 
significant amounts of imbile water < tttfcfcness, and grade of oil 
*tfule f the interval to *hieh the pi^nent ^kAy-sa in applied should 
be capable of confining fluid art least BgbstanriaHy within the 

13 treatment interval, at least in respoct to alleging no fiityiificant 
leakage into overlying locations vfcen the pressure of tho fluid 
raache* prceeee preseure, and fracturee the fonratian within the 
trsatraent interval. Th» boreholeu nf walls completed Cor in the 
present pzooasa should be substantially pnrnllsl and Depurated by 

20 substantiaJly equal di^rtancw of at least about 6 m. DocreJiole 

Baporatiun difitanoatt bstuaen injectors and prcducsrs of Cxaa about 
9 to 30 a are particularly suitable. BoretolAS free of deviations 
from paxallel. which cause variations of rore than about 20 per cent 
of tho w?ll distances are particularly suitable. 

25 m the heat-irgecfcjng wile uwd in the present process, the 

cement or cmsnt-UXa iteterial ^»4iich is used to seal along thu face 
of the oil shale fbrtweien is preferably relatively heat^cecdnctive 
and substantially n aid- iiry rmeablw . Particularly preferred cements 
ara atahlH at ttinyarntnres of at loaat about 300 *C, have a 

30 relatively hi£i thramnl cofidjctivitica^ relatively low permaability^ 
littlo or no shrinJtage* an adequate ease of pcrqpebility and good 
ertsdcaJ resistance, etc. The penveabiUty and disposition of the 
sealing material should provide a eeai capable of preventing any 
significant awount of fluid flow between the interior of the 

35 borecole and the tmsm of the oil ehale fumuLUm, so that the 
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tran»f«r of heat freer* the vjuil to the fonnatlon in aibntantoally 
«ntiraJy by conduction. Whczc porticos of tha heat- injecting wall 
borehole are Bfifect-jveJy increased in diameter near upper and lewef 
cxtrcadtiw of thu treatment interval, for example, J>y under- 
5 reading, the dlaauters of the increased portions are pref erably at 
least atout 110% of Lbe ncminai tcjreholii dLanetar* Qilciwn 
Aiixidnate-bonded ococretes aid/ or croants containing aluraina- 
giliuata aggregates (ox fine particJ.es) are particularly suifaafclo 
for use as such Amotion face~fiealirtg rarterials, Exanptes of 

10 suitable Parents and concretes include those described in US 
patents such as 3,379,232; 3,307,332 and 3,595,642* 

Fignre a snows a portion of a haat-injocting will borehole, 
borehole i, which ie suitable Car use in the present invention and 
is located within a trotrtnant interval of subterranean o3T shale 

15 deposit. ftoxeholc 1 ocnt&ina enlarged purticos, tech ae partime 2 
and 3, which can be tonred by ccnveBtional prooodorcs such aa 
uodorriaaing daring drilling, etc. h casing 4 is shewn positioned 
within tile borehole and i v i ienlml into place with a ftuid- 
iirpenneablo, hoat-cooducti^a material, each a* asmh* 

20 Within each enlarged borehole portion, tho casing 4 is 

equipped with at least one haat^candactive metal eleraent, socb as 
collar 6, containing radially extensive elen»ite or portiacm, such 
as flexible metal wesfcers 7. Booh hcat-conduetivo getrrlMs form 
relatively highly conductive paths finr conducting heat frora within 

25 the- interior of a borehole to substantially the wall of an enlarged 
portion of the borehole. Examples of suitable heat-conductive iu-tal 
element* include metal wjOI aeratchexe* ttartanlftnce inducers, 
oentralisers and the lite such as a Hsnmar-Lek Ttitbcbnoder, or 
Boltlek fijrbobonder, available frca. fcekerline division of Baker Oil 

J0 Tools or a 101 Bar S central \ **\r available fran Antelope Oil Tbol 
a\vi Mwxntacfejring Gcicperr/, etc. 

with an arangeojnt of the type shorn in Figure B* at' least to 
acne fectuot, the front a£ beat transmitted amy from a heat- 
injecting well can be made acre irrifhre along a vertical line 

J5 traversing a layer of relatively lev bent conductivity without the 
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necessity of itaintatning a higher tenperature in the portion of the 
well crJjoccnt to that layer. «hen a uniiouo tukpuoxtura .Ha 
Maintained wathin the Interior of the borehole, the earth fhrowtion 
face alofjrj *uch an anlargsd portion of the borehole bcocutes baatad 
to substantially the saac bsBrjeratoxe as the fonaaO.oa fooe along 
narcwer portions of the boxtthol*. Since- ttw face of the foraatioa 
adjoining the borehole is baatod to tha highest tenajeratare of any 
portion in tha f annat j<n , the teqperaturc gradient ftxtandin? 
radially away from the enlarged portion of the boxo-bol« ia ehift*d 
radially away from tha borehole* 

Tn general, tha beating of tha intinHor of tha heat-injecting 
well can be acccepiished by subatantiiiliy any type of basting 
device, such as cacbusticn and/or electrical type of beating 
oiements, or that iUa. The beating element srcold extend 
substantially throughout the LmaLnagO. interval (preferably 
throughout at Jf*wt about BO per oeat of that interval) - Whsre a 
cottfcustlon type hpntfng element is used* a gas- fired heater is 
preferred. Tha fb*l and oxidant* fiwr a contaetion hotter (such as 
methane and oxygen) aro preferably suppliad trough separate 
conduits leading through a heat exchanger in *4xLoh th* iiioaedng 
fluids are heated by the outflowing ccBtouscioa products- tbo burner 
) reusing and Quid conduits of a ooKbuetion heater are preferably 
installed within a wall conduit vtalch is frurrounded by an annular 
apace that ia filled by the cenaent Cor sealing the face of the oil 
shald. Generally suitable type* a£ conbustion heaters Which could 
be arranged for use in the pres&nt process are rteenHhwi in us 
Patents such as 7,070,002) 2,780,450 and 2,902,270. 

An electrical resistance tenter is particularly suitable for 
hsatdcg ths interior of « heat-injecting well in the present 
process. A plurality of resistance olsrasnrs are preferably used. 
Tba maaatanoa eJenanhs can be sounted within or external to an 
internal conduit or rod/ or sinply extended into the borehole. When 
the resistance* or* external to, or are free of a supporting 
alarattt, such as a conduit or rod, they are prxfarably q it tt x VIed in 
the enrmt vdiicb seals the face of tha oil shale along the 



trctittt&ot interval* GftneralAy suitable types of electrical heaters 
which ccuid bs arraogad fcr una in the present precede orw 
described in US PatartS SUCh aw 2,«72,445r 2,<aM,063? 2,670,802? 
2,732,195 and 2,954,826. 
5 In various reservoir sitaations, portions or an tnU Hhala 

deposit which would, in gsmv.ial, he suittfclc for um oa a tzwztmot 
interval, o» &wribvd in cur paiwvt ajpp)Jcafca<©, may bo p&m*ated 
by natural fractures and/or plane* of weaXnese. Ouch relatively 
waaX roefcs may radextp relatively long qxtenairna of vertical 

IQ fracture* when pTesaurized fluids beJjtg diaplacaJ <aAy £xin an 

injection wall aovtft Into tea*. lbia uav result in extending fluid 
passagewRys )>cyand tJw apeninga into production «*UJ* arcVor into 
adjacent aquifimi capable of causing an lnflor of voter to ao 
extent dHtriuantal to the oil rocovory process. 

J 5 ito havo no* diauoveced thart auch prenature fracture exuensiona 

can b* avoided by drilling and haatina "guard wlla 11 vithin such 
relatively weak oil shalo zones in locations gTmffiavHng a pattern 
of hsot injecting and fluid producing veils and/or in Inrantinna 
intermittent becMaao a heat injecting or fluid producing wdl and 
an adjaoofit aquifer. Such guard walla axa used for ccndboctively 
heating Che adjoining fonastions substantially throughout thm oil 
nhale interval bo be tr e a ted bo a txatperature *falch id too lov to 
gasify Aignificant proportion* of tha oil shale organic components 
bat is high enough to causa a signify rant thmnwal expanaian of the 

25 rocka, Mwm tho#w rocks are heated the natural fracturas ore kept 
closed and tha fracturing canaad by the approaching pressurized 
fluid* (displaced away from lieat-injacting walla) tanda to )» 
liudtotf to horizontal rxactnraa concantrated along tha aidea nearest 
tn tha ha*t.-> jrjactlng wells, text© fluid producing valla ara 

30 located substantially betvean. tha haaX-ixrlacting veil* and the 

guard veils, the .fractures arc prefiarantially axu a ud e d into than 
wells, vhere the high fluid pressures ara quickly raducad by tha 
production of the inflowing fluid. 

Tim encoontaring of such relatively weak reservoir rocks is 

35 apt to ba indicated by on inflow of water into «aal la drU lad into 
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such xocte* m qareralf tte natural £raetutta> crRating 0 rela&iv© 
wanness and/or vnter inflow can be thexnally clcGiid by a 
rwlativaJy mild hsrtixxy, aj» lcog «w tho fracture porosity is Dot 
more than about 5 par cent* 
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i . In a process in tAUch oil is proctocad fmi a subterranean oil 
Ahal* deposit by extending at Uwiat cm each of heat-injecting; and 
f Liid-producii^ Media into the deposit, establishing a heart- 
cenductivs fluldViu^iicablp barrier between the Exterior of each 
heafc-in^ccting wall and the adjacsnt deposit, and than beating the 
inteckox of each beat-in jocting will at a teaperatcre sufficient to 
oonductivaly heat oil wale terogen and causa pyrolysia products to 
form fractures within th* oil shale deposit through which the 
pymlyaia products aro displaced into art least ana production wall, 
an InifcLOvwu ent for enhancing- ths unifonsity of tha hazt fmnta 
moving through tha oil shale deposit, v&icb cnqprisesi 

dtftemiaiDg variations vltfi dapch in the ccppDflitioti and 
properties of tha oil shall dapoait; 
ocoyletang said haat-Lnjectlng and fluids-producing Mall* 
selectively Into a troatfflent interval of oil ahala in which 
tha oil shale deposit (a) is at least about 30 jq thick r (b) is 
substantially ijapartflaabla and free of noblAe vater, <c) ha* a 
occpoaitiOQ and -thidkrt&aa such teat tha n m duuL of the average 
Piachar Away grade tiroes the thickness of the treatment 
interval la at least aba* 900, and W) ttoexetoy contains 
oonpouents capable of irrtoracting in a tancar enhancing tha 
uniformity of a front of conduotivoly trantnittod heat, with 
said well* being arranged ao that, at least atfaatantiaUy 
chrcugtOTt eaid treatment intervals the wall borafaolee are 
substantially parallel and arw aspnratart by substantially 
equal cUetances of at least about S nu and 
within tha interior of each heat-injecting wall maintaining an 
ovbmgs tssparatunr tshich, selactivsUy alone. Raid treatment 
inttxrvaL, is at least about 600 *c, hot is not high enough to 
thecnally daroge f<y?1pnyTtt within the veil, white baat is 
being transmitted away from the veil at a rate not slgel- 



ficantiy faster than that porndttad by ths thancal non- 
cfcctivitijee of the earth ftitrfeitiari* adj*uKnt to tns booted 
intsrval within the veil. 

2 . The process of clain J in which, to the extent required to 
keep the rots at **uch haat is transmitted U ir wqft Wre oil stale 
d^poeit subotADtlally uniform along tk: one* of ths heated interval 
of the heat-injecting veil, the tsaperatuxa at which at 

least one heat-injecting yell is heated la relatively higher at 
depths ad j scant to portions of Lbs oil shale fleposit in vihich the 
heat conductivities ore relatively lauer, 

3. She process of claixt 1 in which the rate of hating ths 
interior of at least one heaf injecting well La varied to an extent 
causing an effective levelling off of the thexnal front so that the 
rata of advenes through the oil shale of the thexml front if* 
ocaciBQed at subsr mH ally the suae rate while the rate of Increase 
of ths t«pftxature wli^n the borehole is si^pificuttly roSooed- 

4. lbs process of clean 1 in \4*lcb the heat-injecting and 
fluidr-prodicing \«elifl are arranged in a series of contiguous 
patterns in *Jiich each fluioVprcducin? is fiurrojodad by at 
last four beat-injecting wells. 

3* The prooawi of dais* 4 in vhich each flui&^co&cing well is 
aarrooocted by twebve heafc-in jecting *eHft* 
6* Vto process of clain I in which the oil tbalc grade is at 
least about 20 gallons per ton and the gra^eMduckness product is' 
At least about 45M, 

7. «B>e process of claim l r cctt£>rii»iisg the stops of 

in each heet-injectizio *eUJ , attatentiaUy thrjeogfroat the 
treetoent interval, sealina the face of the oil shale fonaetirjn 
with e solid Datexial ^xich is relatively haat-coodoefciva and 
afestsotlally fluid lrperreablAi 

in at least one heat-injectlrjg well increasing the effective 
dLsnetsr of the borehole in at least one portion of ths treatment 
intsKVsl and at least aae UeatruauJ octi^ mtal si giant 

fmm within the interior of the borehole to the face of the 
so^cnlarged portlCD of the borehole?, and 

in each IluidVprocXcing well, substantially tbxoughcut the 
treatnent interval, etrtablishino fluid ccemsiicetijon be tw e en tne 
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well tor* arjfi the oil shale farrow-loo and arranging tha wtU for 
prnducinq fJuirt trow iho oil stela foOTCioo. 

B . ttw process of claix 7 in vhich tin ratsodal saoling ths* faua 
of the* oil chain fonwrtim along th» borvbole ox a bs«t-in>ctiiig 
well Is d oera* flrremqed to fill substantially all of the space 
betwrat the outnrm^t aafrftllic wlficmmtft vithio tho ixxturior of the 
borehoia and hha face of the- oil stale fonsatfen, vdttx saM oaraemt 
having a thturmal conductivity at 3©*at Bv4ai»tantially as high as 
that of tfco oil fchalfc formation. 

9. 'Che process of cIaJh L in which At l©aa*. one well 1 exited coar 
an edga of a patter oi beatrinj acting and nuid-oxoducino. valla Is 
axtfcrj3ad KUbatimtially throughout ths txtetxavct interval and hearted 
At a tcirpftraturo high tfttogh to cousa a standing and/ or 
ccnprcsoivc stressing of the adjacent earth foxraaticos bat Ion 
enough to avoid significant theocnal sccdliJ»tion of organic 
caapacmnta of tbu oil sfaais. 

10. The procosa of claim 9 in hfeioh at least ooa so heated well is 
subsequently boated at about tte t « ponifiro selected for tha 
heating of tha haat-in)ecting walla being etployed, 

n« Vhm prooass of clain 1 in «hich tha tall bomboiss of' aid 
haat-inj^jtim and field prrrirnng mhIIs are a&paratod by 
substantially equal diotancea of about 9 to 30 n. 
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9hala oil is subsequently produced ircm a aubfeograaaap 
interval of oil shale, *&exe the interval La initially 
substantially inperroatole and contairo a specified grade are! 
thickness of oil ahala. Said interval in conduct toely heatad from 
barehcalfl irrberiora which are fcapt hotter than about 600 *c and are 
heated at a rate such tbat kero^en pyrolysie projects fcraed within 
the oil ehala create and £lo* thmtqh horizontal fracturae ^diich 
mjbaaguently beoaoo eg te nde d Into fhxidVproduclog veils that are 
positioned in specified Location** 
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